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Abstract: 



1. Introduction: 



A number of well-known difficulties in physics 
resulted from merging the theory of relativity 
with the Compton-de Broglie wave mechanics. 
Two such problems were the failure of Dirac's 
relativistic wave equation to predict the cor- 
rect velocity of the electron, and the fact that 
the measured yield from nuclear fission was 
found to be substantially less than the theo- 
retical yield. It is shown that the origin of 
these and other problems stem from the incon- 
sistency of the relativistic mass-energy equiva- 
lence principle with the fundamental assump- 
tions of wave mechanics. An alternative view 
of the concept of mass-energy equivalence that 
results in a very good agreement between the- 
ory and experiment is demonstrated. The con- 
clusions of this paper will be quite important 
for ongoing research, such as the current prob- 
lem of the neutrino's mass. 



The success of the modern theory of matter 
is certainly due in no small part to its depen- 
dence on the new wave mechanics of Compton, 
de Broglie and Schrodinger. As it is firmly es- 
tablished, the modern theory of matter began 
with the independent efforts of Bohr and Som- 
merfeld and was subsequently refined with the 
introduction of the non-relativistic Compton- 
de Broglie mechanics. Later, however, efforts 
to merge that new theory with the theory 
of relativity resulted in some successes and 
some serious difficulties, some of which remain 
largely unsolved today. The first difficulty was 
the mystery of the lost energy in the beta- 
decay process, for which W.Pauli postulated 
the existence of the neutrino. While the exis- 
tence of that particle was verified experimen- 
tally, any calculations involving the neutrino's 
energy or mass remain inconclusive ||14|| , fli"5 1 . 
Another difficulty was encountered by DiracH] 
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in his attempt to obtain a relativistic wave 
equation to describe the motion of a free elec- 
tron. Dirac obtained a HamiltonianB of the 
form 



H = c {p[a}) + m c 2 £ 



'11 



where c is the velocity of light, m is the rest 
mass of the particle, [a] is a 4x4 matrix, and £ 
and p are 1x4 vectors, p being the momentum 
vector. To check his theory, Dirac proceeded 
to calculate the x component of the velocity of 
the particle, x, from the Poisson bracket 



x 



[x,H] 



OH 

dp x 



C Oi\\. 



(2) 



Since an = ±1, he concluded that x must be 
always equal to ±c. Upon such conclusion, he 
wrote: "This result is rather surprising ...since 
electrons are observed in practice to have ve- 
locities considerably less than that of light, it 
would seem that we have here a contradic- 
tion with experiment". He then went on to 
conclude that: "The contradiction is not real, 
though, since the theoretical velocity in the 
above conclusion is the velocity at one instant 
of time while observed velocities are always av- 
erage velocities through appreciable time in- 
tervals" . So Dirac chose to ignore that serious 
contradiction between theory and experiment 
and offered instead an interpretation that does 
not correlate with physical reality and which 
is still, to date, not supported by any experi- 
mental evidence. Nevertheless, the soundness 
of Dirac's theoretical approach allowed him to 
make correct predictions, such as about the 
existence of spin and of antiparticles. Beside 
the early difficulties of the beta-decay and of 
Dirac's equation, a number of other difficul- 
ties emerged later. Most notably, the fact 



that the measured yield of the nuclear explo- 
sions that were carried during the 1940s was 
found to be substantially less than the value of 
the energy release expected theoretically |16| . 
The only explanation that this fact was at- 
tributed to was that the rapid disintegration 
of the mechanical structure surrounding the 
uranium or plutonium core prevents the chain 
reaction from getting completed (though ad- 
mittedly the entire reaction takes less than 
10 -6 sec. to complete). In this paper a result 
will be shown, however, that very strongly sug- 
gests that the true reason was likely theoreti- 
cal rather than mechanical. Another problem 
that clearly emerged over the years was the 
fact that experiments which are designed to 
measure the masses of various particles usually 
show a large discrepancy between the exper- 
imental value and the theoretically expected 
value of the mass of a given particle if the ex- 
periment is carried at low energies. If, how- 
ever, the experiment is carried at very high 
energies, then the experimentally determined 
value of the mass is usually found to be in very 
good agreement with the theoretical value. 
While the list is extensive, we can mention the 



meson experiments [pq | , [f2qj , P7| as examples of 
experiments that were carried at low energies 
and in which that fact was apparent. As exam- 
ples of experiments that were carried at high 
energies we refer to the detection of the W and 
Z bosons in the early 1980s PB"| , 



lr rhe following notation is adopted in this paper: H 
denotes a vector Hamiltonian and H denotes energy. 



In this paper we will take a long step back 
in time and attempt to determine the funda- 
mental cause of all the various difficulties that 
we discussed. It will be demonstrated, be- 
yond any doubt, that the cause is the funda- 
mental inconsistency of the relativistic mass- 
energy equivalence principle that was intro- 
duced by Einstein in 1905 with the basic as- 
sumptions of the wave mechanics introduced 
by Compton and de Broglie 18 years later. 
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This paper is organized as follows: in Sec. 2 
it will be demonstrated that the Compton- 
de Broglie wave mechanics has its own, very 
specific view, of the principle of mass-energy 
equivalence. In Sec. 3, the difference between 
the wave-mechanical view and the relativis- 
tic view of mass-energy equivalence will be 
explained. In Sec. 4 we will demonstrate, di- 
rectly from Einstein's original papers on spe- 
cial relativity that there are two dif- 
ferent and distinct ways to interpret the rel- 
ativists concept of mass-energy equivalence. 
One of the interpretations leads to a result 
that is in total agreement with wave mechan- 
ics, while the other interpretation leads to a 
result that is in total disagreement. Unfortu- 
nately, the interpretation and hence the result 
that is in disagreement with wave mechanics is 
the one that was selected by Einstein in 1905 
(and remained CIS db standard since then). By 
selecting the interpretation that does lead to 
an agreement with wave mechanics we will be 
able to solve, as examples, two of the substan- 
tial problems that we highlighted above. In 
Sec. 5, we will rework Dirac's theory of the rela- 
tivistic wave equation of a free particle. Unlike 
Dirac's result, the result obtained here does 
agree with experimental observation. In Sec. 6, 
the problem of the large discrepancy between 
the theoretical yield and the actual yield from 
nuclear fission will be treated. It will be shown 
that the modified view introduced here is in 
fact in very good agreement with the published 
experimental data. Sec. 7 contains a comment 
on the nature of beta-decay and the problem 
of the shortfall in the solar neutrinos. Sec. 8 
summarizes the conclusions of this paper. 

2. The wave-mechanical view 
of the principle of mass-energy 
equivalence: 



The fundamental postulate of Compton and 
de Broglie, 



which relates the wavelength A to the momen- 
tum p of an elementary particle, if taken to- 
gether with the mathematical representation 
of de Broglie's matter waves, namely, the trav- 
eling wave equation, lead to a simple and im- 
portant result that is in direct contradiction 
with the relativistic principle of mass-energy 
equivalence. Although de Broglie and other 
researchers had offered a number of propos- 
als and suggestions that seem, superficially, to 
resolve the contradiction, careful examination 
will show that the contradiction was never ac- 
tually resolved. We shall now proceed to make 
a number of important observations, ending 
with the result that is inconsistent with rela- 
tivity. We will then demonstrate that this re- 
sult represents a very specific view of the prin- 
ciple of mass-energy equivalence; a view that 
is inherently incompatible with the relativistic 
view. We will attempt to keep the mathemat- 
ical developments at a minimum so that the 
facts can be clearly seen. 

If we take a one- dimensional de Broglie wave 
function || 

ip{x, t) = Aexpi(kx — tot) (4) 

where A is the amplitude constant, k = 2n/\ 
is the propagation constant, and u = lisv 
is the angular frequency (where v is the fre- 
quency), we then have, by definition, u = k\v. 
Now, since the product \v is the propagation 
velocity (or phase velocity), u, of the wave, 
then uj = ku. Using this relationship in Eq.(|]) 
gives 

ip(x, t) — Aexjpik(x — ut). (5) 
From Eq.(0) we get 
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d 2 if) 
dx 2 



-k 2 ip 



(6) 



In the special case where the propagation ve- 
locity u is equal to c, we get an interesting 
result. Since ui = kc, and since c 2 = 1/eo/^o, 
where e and /x are the permittivity and per- 
meability of free space, respectively, then k 2 = 
a> 2 e /io- By substitution into Eq.@ we obtain 



d 2 if) 
dx 2 



-u e /i i/>- 



(7) 



We should recognize that Eq.(^) is the 
Helmholtz equation. It can be equally derived 
directly from Maxwell's equations |9|], with the 
result that the wave function if) is actually the 
electric field intensity E. Through similar rea- 
soning, it was concluded previously [|J that the 
de Broglie matter wave is indeed an electro- 
magnetic wave when u = c. Moving back to 
the general case (i.e., tt ^ c), we can further 
see from Eq.(W) that 



dip 
~dt 



—iku ip = —ioj if). 



(8) 



Multiplying the above expression by ih yields 



dip 



Tioj ip = h{2-Ku) ip — hv ip. (9) 



Since Eq.@ is the generally accepted form of 
the non-relativistic Schrodinger equation, then 
the multiplicand of if) on the right-hand side 
must be the total energy H of the particle; 
that is, the total energy is H = hv (this result 
confirms de Broglie's postulate about the total 
energy of the particle). Now since 



A 



h 
P 



u 

■ 

V 



we see that 



H = hu = pu. 



(10) 



For de Broglie's matter wave hypothesis to be 
valid we must conclude, and indeed it has been 
demonstrated that the propagation ve- 
locity u of the wave is equal to the particle's 
velocity v (one important concept, originally 
introduced by de Broglie and later promoted 
by others, is that a matter wave is actually a 
wave packet, or wave group, that results from 
the superposition of many individual waves. 
However, since Eq.([0]) is a total energy equa- 
tion, then we have no alternative but to con- 
clude that the wave in question is the overall 
wave packet -if that concept is in fact valid- 
and hence u = v). Now since p = mv, where 
m is the particle's mass, then Eq.(O) becomes 



H = hv 



mv 



(12) 



Once again we note that in the special case 
of v = c, the well-known relativistic mass- 
energy transformation law H = mc 2 is ob- 
tained. Accordingly, from a strictly wave- 
mechanical point of view, the relativistic ex- 
pression of mass-energy equivalence emerges 
special case only. 



3. Disagreement of the Comp- 
ton - de Broglie mechanics with 
relativity: 

We have shown that the Helmholtz wave equa- 
tion and Einstein's mass-energy transforma- 
tion law both emerge as a special case from 
the Compton-de Broglie wave mechanics, that 
is, when the velocity v of the particle and its 
associated wave is equal to c. At velocities 
other than c (i.e., at sub- relativistic veloci- 
ties), the expression in Eq . (|12"D is obviously 
in disagreement with relativity, since relativ- 
ity would maintain that the total energy must 
still be expressed as mc 2 . We must now point 
out that some authors [0 have suggested in 
the past that by taking the total energy to be 
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H = pu = mvu = mc 2 , then the velocity of 
the matter wave will be given by u = c 2 /v; 
hence u > c. Such result is clearly an im- 
possible result, however, given the emergence 
of Helmholtz's equation, and given the above 
observation about Eq . ([TT]) (i.e., the fact that u 
must be equal to v). Simply stated, the total 
energy of the particle, as defined by the funda- 
mental postulates in Eqs.(|lO|) and ([0]), leads 
to inconsistencies with the theory of special 
relativity which are unsolvable (even if we ac- 
cept such concepts as the concept of the wave 
packet). We also note here that if we substi- 
tute for m in Eq.flT^D by its relativistic expres- 



sion 



m 



m 



1 — v 2 /c 2 



(13) 



this of course still does not change the fun- 
damental disagreement between the wave- 
mechanical and the relativistic energy expres- 
sions (that is, mv 2 versus mc 2 . Note that the 
total energy of the particle at rest, or H , is 
equal to m c 2 in special relativity, while it is 
precisely zero in wave mechanics). 

In summary, we can clearly see that the wave- 
mechanical prediction of the total energy of a 
particle is in serious and fundamental contra- 
diction with the relativistic prediction, and the 
limited efforts that were carried in the past to 
reconcile the two views have not had any suc- 
cess. 



4. Origin of the law H 



mc 



and 



an alternative understanding of 
the relativistic concept of mass- 
energy equivalence: 

We shall now proceed to investigate the ori- 
gin of the mass-energy equivalence principle 
directly from Einstein's original papers on 
relativity P]],H,|f§ an d attempt to develop an 



understanding of the reason for the disagree- 
ment between Einstein's kinematics and the 
wave mechanics of Compton and de Broglie. 
As we shall see, the two theories can in fact 
be reconciled perfectly, though such reconcilia- 
tion will be in a manner that was not intended 
or envisioned by Einstein. 

4.1. The basic observation: 

In the first relativity paper, Einstein consid- 
ered the commonly applied form of Newton's 
second law of motion, F = ma. To express 
that law within the framework of relativity, he 
obtained a relativistic transformation term for 
the mass given by m = mo/(l— f 2 /c 2 )3 (which 
he labeled "longitudinal mass" ) . He then car- 
ried the integration of F over a distance X 
to get an expression for the work done on the 
particle, which must be equal to the kinetic 
energy of the particle. The result of the 
integration was 



E k = m c 2 



1 



1 -v 2 /c 2 



(14) 



From that expression, Einstein (and others) 
concluded that HI 



Total particle energy = mc 2 = E k + m c 2 

(15) 

Eq.flrSp has been the standard equation on 
which virtually all modern post-relativistic 
particle physics is based. In addition to the to- 
tal energy expressed as mc 2 , Eq . (|T5|) also pre- 
dicts the existence of a "rest energy" that is 
given by the term m§c 2 . Originally, it was not 
clear from Einstein's derivation how the mass 
multiplier term 1/(1 — f 2 /c 2 )a was obtained. 
Later, however, a number of authors||,|| 
pointed out that most likely Einstein's ap- 
proach was the following: since Newton's sec- 
ond law can be more fundamentally expressed 
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as "Force = rate of change of momentum" , or 
F = dp/dt, and since the momentum can be 
expressed as 



p = mv 



m 



1 — v 2 /c 2 



(16) 



then the kinetic energy of the particle can be 
obtained from 

E ^[ Fdl = [ d i ix - < 17 > 

The integral of Eq. (|i"7|) can obviously be writ- 
ten in the alternative form 

E k = [ P vdp (18) 
Jo 

There are two ways for calculating this inte- 
gral. We shall first describe a method that 
leads to Einstein's equation. If we re-write the 
integral as 

E k = [ P vdp= [ V vA dv, (19) 
Jo Jo dv 

and use the easily- verifiable expression 



dp 
dv 



m 



;i - v 2 /c 2 ) 



3 I 
2 



then we have 



Ei, 



m v 



dv 



(20) 



(21) 



(1 -v 2 /c 2 ) : 

This is precisely the expression that appeared 
in Einstein's first paper and which led to the 
formula given by Eq.flUp. We shall now de- 
scribe the second method for calculating the 
integral of Eq. fll8f) . Although the result must 
be the same numerically, we shall see that 
the physical implications of the result are po- 
tentially different. If we integrate by parts, 
Eq . (|P8|) is re- written as 



Eh 



v dp 



pv — p dv, 
Jo 



(22) 



Eh 



mv — 



■m v 



dv 



(23) 



'0 y/l ~ V 2 /C 

Carrying the integration in Eq. (|23f) results in 
E k = mv 2 - m c 2 (l - y/l - v 2 /c 2 ) (24) 



It is not difficult to verify that equations (|2"4" 
and fll4l) are the same, that is 



Eh = mv 2 — m c 2 (l — Jl — v 2 /c 2 ) 

1 



m$c 



1 — v 2 /c 2 



(25) 



(this can be verified by substituting for m by 
its relativistic expression and rearranging the 
terms). Now, in light of the conclusion about 
the total energy obtained in the previous sec- 
tion, that is, if indeed we can express the total 
energy of the particle by the quantity mv 2 , 
then Eq.(^4j) would lead us to conclude that 

Total particle energy = mv 2 = 

E k + m Q c 2 (l- Jl-v 2 /c 2 ), 



(26) 

which is of course significantly different from 
Einstein's expression in Eq. (|T5|) . The rele- 
vant difference between the two expressions is, 
of course, that Eq.(|26|) agrees with the wave- 
mechanical prediction while Einstein's expres- 
sion does not. The obvious question now is: 
which expression is ultimately correct? To 
answer that question, we note the following 
very important fact: Einstein derived the ki- 
netic energy equation first and then offered 



or, 



the mass-energy transformation law of Eq.(15) 
as an interpretation There was no di- 
rect derivation of that law from the funda- 
mental axioms of relativity, as can be clearly 



6 



concluded from those two subsequent papers 
(see additional remarks in Sec. 4. 2 below). The 
mass-energy transformation law was merely an 
interpretation of the original kinetic energy 
equation Ek = mc 2 — tuqC 2 . Had Einstein car- 
ried the integration differently -as we have just 
shown above- he would have obtained the ex- 
panded form of that equation, that is, 



1 v 2 

'l-v 2 /c 2 = l---- 

Eq.(pl"D therefore becomes 



lv 4 
8c 1 



(28) 



E h = m ^-m a <? {— + — + ...) (2Q) 
For small velocities, that is, v <C c, we can see 



E k = mv 2 - m c 2 (l - yjl - v 2 /c 2 ), (27) that Eq.flU) gives 
(= mc 2 — ijiqC 2 ) 



Ek 



and in all likelihood he would have concluded 
that the total energy of the particle must be 
given by the quantity mv 2 . In other words, we 
can clearly see that the wave-mechanical to- 
tal energy expression H = mv 2 is indeed dis- 
tinguishable from Einstein's kinematics, while 
the expression H = mc 2 was essentially the re- 
sult of subconscious interpretation of the orig- 
inal kinetic energy equation, shown between 
parenthesis under Eq.(|27|) above. Of course, 
Einstein was a predecessor to de Broglie and 
had no guideline to follow when he made that 
original interpretation. In view of these facts, 
it is clear that the theory of relativity should 
have been reconciled with wave mechanics by 
taking the expression H = mv 2 as the total en- 
ergy formula. It is unfortunate, however, that 
such a step was not taken for so many years, 
especially in view of the large number of the- 
oretical results that do not seem to correlate 
with experimental data. 



If we now assume that Eq.fl2"6|) is valid, then 
we must conclude that the term moC 2 (l — 
yjl — v 2 /c 2 ) is the mass-energy term. We 
must further conclude that the mass-energy is 
velocity-dependent and hence is equal to zero 



at rest. An interesting test of Eq.(24) will be 
to expand the term 



'1 — v 2 1 c 2 in the equation 
into a power series, obtaining 



m v 2 — -m v 2 



-m v 2 , (30) 



which is the classical expression of kinetic en- 
ergy. Of course, we can further make the con- 
clusion here that the mass-energy term is ap- 
proximately equal to 1/2 itiqV 2 at small veloc- 
ities. This last observation is important and 
will be used again in Sec. 6. (Note that the 
dependence of the mass-energy quantity on 
the velocity is not in contradiction with the 
principle of conservation of energy, since, in 
relativity, energy is a relative quantity, along 
with other physical quantities like time and 
mass. See for example the dependence of the 
observed energy on the velocity in the treat- 
ment of the Doppler effect in the first relativity 
paper0). 

4.2. Remarks about references [2], [3] 
and the law of photonic exchange: 

In the second relativity paper 0, Einstein 
stated the law H = mc 2 for the first time as 
a "general conclusion" from the kinetic energy 
equation Ek = mc 2 — m^c 2 (after deriving a 
law of radiation that is discussed below). Per- 
haps realizing that this general conclusion was 
not clearly explained, he elaborated on it fur- 
ther in a third paper that was published 
in 1907. In that paper, Einstein wrote the 
expression: Total Energy = Kinetic-Energy 
+ Mass-Energy. He indicated (without any 
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proof) that the mass-energy quantity must be 
a constant. He then referred again to the ki- 
netic energy equation E k = mc 2 — m c 2 and 
wrote: 



"One then obtains: 
Total Energy = moc 2 / yT 



v 2 /c 2 " 



(note that the modern notation is used here 
instead of the actual notation shown in the 
paper). As we indicated earlier, such inter- 
pretation of the kinetic energy equation has 
remained unquestioned to this day. 

Concerning the law of radiation that was 
shown in the second paper (which we can refer 
to in modern terms as the law of photonic ex- 
change), we must note some important facts. 
In that paper, Einstein considered the equiv- 
alence between a quantum of radiation L and 
the kinetic energy E k of a particle. First we 
must observe, in view of the above discussion, 
that the kinetic energy is numerically equal to 
Amc 2 . If a particle emits a quantum of ra- 
diation and its kinetic energy is altered, then 
the energy contained in such a quantum will 
be numerically equal to Amc 2 (where Am is 
the "apparent", or relativistic mass change). 
Einstein did correctly reach this conclusion 
(though he used a series of very primitive as- 
sumptions in his analysis and indicated that 
the result can be obtained by expanding the 
Lorentz transformation terms, which was an 
unnecessary step). The problem now lies with 
the "general conclusion" that was stated af- 
ter that derivation. As we have demonstrated 
above, the total energy of the particle is not 
equal to mc 2 , but rather mv 2 . If the particle 
is totally annihilated and a pair of photons is 
emitted, then the energy contained in such a 
pair will be numerically equal to mt> 2 , where 
m is the total relativistic mass of the particle. 
In other words, there is a very clear and strong 



distinction between the kinetic energy and the 
total energy of a particle, and while the for- 
mer is numerically equal to Amc 2 , the latter 
is numerically equal to mv 2 . Such distinction 
was not made by the standard formulation of 
special relativity. 

We must finally point out that the equation 
H = mv 2 leads to a very important conclu- 
sion: obviously, mass-energy transformations 
will not be possible unless relative motion is 
present. If a particle decays, for instance, then 
the decay energy will not be observed by an 
observer who is stationary with respect to that 
particle; it will be observed only by an ob- 
server who is in relative motion with respect 
to that particle (indeed, some experiments p2 



that sought in the past to detect the decay 
of stationary particles have showed negative 
results). In addition, we must conclude that 
photonic exchanges in general are not possible 
unless relative motion is present (since H = 
if v = 0). This last conclusion, of course, 
does agree with our current understandings 
from the theory of Quantum Electrodynam- 
ics (QED). 

To summarize the above discussion: had Ein- 
stein obtained the kinetic energy expression 
E k = mv 2 — moc 2 (l — \Jl — v 2 /c 2 ) instead 
of the original expression E k = mc 2 — moc 2 , 
he would have made the conclusions that we 
reached above instead of the original conclu- 
sions that resulted as standard from the theory 
of special relativity. 

4.3. Special illustrative example: the 
process of electron-positron annihila- 
tion: 

A particular case to consider in view of the 
above conclusions is the annihilation of an 
electron and a positron at low energy, in which 
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two photons of 0.511Mev each are emitted. 
The current view about this process is that the 
two particles annihilate each other strictly at 
rest, and hence the quantity m c 2 is obtained. 
Given the conclusions that we just reached, 
however, we must conclude that the particles 
cannot annihilate at rest. They will have to 
exchange virtual photons and hence acceler- 
ate toward each other before annihilation. As 
the particles accelerate toward each other they 
will gain kinetic energy but lose potential en- 
ergy (i.e., they gain a potential energy term 
with a negative sign, since they will be bound 
by the electrostatic force). The total energy of 
each particle will be therefore given by: Total 
Energy = mv 2 + Potential Energy = Kinetic 
Energy + Potential Energy + Mass Energy 
(this defines the total Hamiltonian of the par- 
ticle). If the amount of external work exerted 
on the particles is negligible, then the kinetic 
and the potential energy terms will precisely 
cancel each other and hence the total energy 
will be approximately equal to the mass en- 
ergy, or the quantity m c 2 (l — yjl — v 2 /c 2 ). 
If the particles reach a velocity v ~ c before 
annihilation, then the total energy for each 
particle will be approximately equal to moc 2 . 
By adding a small, variable amount of exter- 
nal work to the energies of the two particles 
(which may be thermal or electrostatic work), 
then the total energy will have a Gaussian dis- 
tribution around the mean value txiqC 2 . This 
distribution has been observed experimentally 
and is currently known as the "Doppler broad- 
ening" of the 0.511Mev line (though such in- 
terpretation is obviously inconsistent with the 
fact that photon emission occurs after, not be- 
fore, annihilation). 

This short description explains the process of 
electron-positron annihilation in view of the 
conclusions reached above. Clearly, the quan- 
tity m c 2 is obtained in this process as a spe- 



cial case. As we shall demonstrate later, if 
the velocities of particles which are involved 
in various other interactions are not close to c, 
then this special case is not obtained; there- 
fore it cannot be generalized to encompass all 
aspects of particle physics (which is the cur- 
rent assumption). 

5. Modified relativistic theory 
for the motion of a free particle: 

In view of the foregoing, we shall now as- 
sume that the correct total energy expression 
is H = mv 2 and examine what the implica- 
tions are for Dirac's free-particle theory. As 
we indicated in Sec.l, Dirac obtained a Hamil- 
tonian that led him to conclude that the ve- 
locity of any particle must be always equal 
to ±c, which is of course a result that does 
not have any correlation with physical real- 
ity. Although Dirac speculated Q at that time 
that the velocity might actually be composed 
of a steady-state part and an oscillatory part, 
such speculation was not confirmed experi- 
mentally. Moreover, Dirac attempted but was 
unable to show mathematically how the pro- 
posed two components would add up to be pre- 
cisely equal to c. We shall now proceed to re- 
work Dirac's theory, using H = mv 2 , and ob- 
taining a new Hamiltonian in the process. As 
we shall verify, the new Hamiltonian will di- 
rectly lead to the result that the velocity must 
be equal to ±v; which is of course a result 
that is in sharp contrast with Dirac's result 
and which does agree with experimental ob- 
servation. We shall also verify that the spin 
magnetic moment term obtained by Dirac re- 
mains unchanged in the present formulation. 

5.1. The wave equation: 

We shall begin by describing briefly Dirac's 
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approach for obtaining the relativistic wave 
equation and then proceed to derive the modi- 
fied equation and hence the modified Hamilto- 
nian. Dirac considered the mass of the parti- 
cle as represented by its relativistic expression 
m = mo/v/l — v 2 /c 2 . If we square that ex- 
pression and rearrange the terms, we get 

2 2 22, 22 / Q1 \ 

m c = m v + m c . (31) 
Multiplying by c 2 , we get 

2 4 2 2 2 , 2 4 /oo\ 

m c = m v c + m c . (32) 

But since mc 2 is the total energy according to 
Einstein, then we have 

H 2 = p 2 c 2 + m 2 c 4 , (33) 

or 

H = c yV 2 + mlc 2 . (34) 

Since the term p 2 can be written as J2rPri 
where p r is a one-dimensional momentum com- 
ponent and r = 1,2,3, we finally have 



H = c ^J^p 2 . + mlc 2 . (35) 

This was Dirac's total energy equation and 
was subsequently used to obtain the relativis- 
tic wave equation. To obtain the modified 
wave equation, we now proceed to multiply 
Eq.(pTI) by v 2 , getting 

222 24, 222 /nr\ 

m c v = m v + m c v . (3o) 

Using H = mv 2 as the total energy of the par- 
ticle, we have, from the above expression 

H 2 = p 2 c 2 - m 2 c 2 v 2 . (37) 

Now, since v 2 = J2r v r> where v r is a one- 
dimensional velocity component, Eq . fl37|) can 
equivalently be written as 



H = c /E^-^oE^ 2 - (38) 

y r r 

Eq.(|38D can be further simplified by noting 
that v r = p r /m. We finally have 



H = c^{l-m 2 /m 2 )Y J Pl (39) 

Following Dirac's approach, if we let p~o be a 
vector defined as p~o = H/c, where H may be 
Hamiltonian of the form H = (H, 0, 0), we will 
seek a wave equation that is linear in p" . If 
we take an equation of the most simple, basic 
form 

(Po - M)V> = 0, (40) 

r 

this form can be sufficient without any addi- 
tional terms if we do not impose any restric- 
tions on the matrices [a r ]. Dirac found that 
such matrices must be non-commuting, but it 
is obvious here that such matrices must also 
contain mass terms. Multiplying Eq. flioD by 
the vector {p Q + J2 r P~r [ a r]), we get 

po-(E^N) 2 = o (4i) 

r 

Comparing this last expression with Eq. (|3^) , 
we conclude that 

(l-m 2 /m 2 )E^ = (E^H) 2 = 

r r 

E Pr [«rf Pr T + Pi N [«*] Pk 

r j k 

(42) 

where j, k = 1,2, 3, and j ^ k. Accordingly, 
the matrices [a r ] must satisfy 

[a r ] = ±^l-m 2 /m 2 \J3 r ], (43) 

where [f3 r ] are matrices that must satisfy the 
two conditions: 
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[A.] 2 = J, and [&p fc ] + M&] = 

(44) 

Examples of such matrices were suggested by 
DiracQ. They might take the following forms, 
among others, 






V i 



1 \ 




o / 






V • 






—i 






i 





- % \ 




o / 



(45) 

(Note that Dirac used 4x4 matrices to ac- 
count for time as the fourth dimension. It was 
independently confirmed later that the mini- 
mum number of dimensions that will satisfy 
Dirac's theory is in fact four). 

Using the relativistic expression for m, the ma- 
trices [a r ] can now be written as 



[a r ] = ±jl-{l-v*/<?) [(3r] = ±_ \j3 r l 



(46) 

and therefore, from (4"2|) and the vector 
Hamiltonian can be written as 



H = Cf = C J^Pr [ a r] =±V J2fr \Pt\ (47) 
r r 

To check the modified theory, it can be now 
easily verified that the velocity component x\ 
will be given by 

x\ = [x 1 ,H}=±v. (48) 

Unlike Dirac's result, this result is of course 
in agreement with experimental observation. 
It is important to note here that, mathemati- 
cally, x\ is the "expected" value of the velocity. 
From Eq. (f4"T|) , we can also see that the nega- 
tive energy states are still preserved here. 



5.2. Motion of a charged particle in a 
magnetic field: 

We now consider the motion of a charged par- 
ticle in a magnetic field to obtain a formulation 
for the spin magnetic moment term that must 
appear in the final Hamiltonian (we assume 
the absence of an electrostatic field here). In 
the presence of a magnetic field, the change in 
the particle's momentum Ap that occurs as a 
result of the interaction with the field is given 

by§ 



A, 



(49) 



where e is the particle's charge and A is the 
magnitude of the vector magnetic potential. 
Adding that term to the momentum in Eq. ( f47l) 
gives the Hamiltonian 

H = ±V Y^(p r + ~ A r ) [f3 r ] (50) 

By squaring Eq.(^), we get 



{f r + ~A r ) [fir 



j k c c 

(51) 

It is fairly easy to verify that the second term 
on the r.h.s. of the above expression must van- 
ish since the p" r vectors commute and since the 
[P r ] matrices satisfy condition (0). In Dirac's 
treatment of the subject, he was able to show 
that the following equation holds 



l 2 



= (p r+ -A r ) 2 +—\\M[P T ]l 

(52) 

where M = curlA is the magnetic field inten- 
sity vector. Eq. (pT]) therefore becomes 
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H 2 = v 2 + t A r f + v 2 ^Yl \\M [PA || • 

(53) 

(Note that Eg. (|53|) is a scalar equation). If we 
now let H = mv 2 and divide both sides of the 
equation by 2mv 2 , we get 



\™ 2 = -^E(^+-^) 2 +^- E wfimw 

2 2m r c 2mc ^ 

(54) 

If the particle is an electron, then e is a nega- 
tive quantity and the above equation becomes 



7T- J2(Pr + ~A r 
2m r c 



- mv 
2 



(57) 



which is a direct 
Aharonov-Bohm effect 130 
Eq. 



confirmation 



of the 
Clearly, 

shows that the components p r of the 
momentum will be altered while the kinetic 
energy remains constant. 



1 



1 2 

-mv 



h\e\ 
2mc 



(55) 

Without the presence of the magnetic field, the 
l.h.s. of Eq. (|55|) is reduced to 



2m 



v 

2m ' 



(56) 



which is the same as 1/2 mv 2 . We can there- 
fore conclude that the second term on the r.h.s. 
of Eq. (|55D is the term that represents the in- 
teraction of the field with the electron's mag- 
netic moment. Hence the quantity fr|e|/2mc 
is the spin magnetic moment coefficient. In 
general, we can withdraw here the following 
two important conclusions: 1. The modified 
theory fully yielded the classical expression of 
kinetic energy, with the addition of the spin 
interaction term; and 2. The spin interaction 
term obtained here is the same as the one ob- 
tained by DiracfU (which is one Bohr mag- 
neton). The second conclusion is a confirma- 
tion that this part of Dirac's theory was cor- 
rect. The first conclusion, however, shows a 
fact that was not apparent from Dirac's the- 
ory. Specifically, when M = (that is, when 
the particle is away from the magnetic field 
lines), Eq.(E5]) becomes 



6. The problem of the energy re- 
leased from nuclear fission: 

Note: The information contained in this sec- 
tion is based on previously known public in- 
formation. 

As we indicated previously in Sec.l, it is cur- 
rently believed that the efficiency of nuclear 
fission as an energy source is extremely low. 
The efficiency is defined as the ratio of the 
amount of energy (or yield) obtained from a 
given mass of fissionable material to the the- 
oretical value of the total energy that is ex- 
pected to be released from that mass. In nu- 
clear weapons as well as in nuclear reactors, 
that efficiency figure is typically on the order 
of a few percentage points (though efficiencies 
as high as 40% have been achieved). Usually, 
it is assumed that most of the atoms of the fis- 
sionable material simply do not undergo fission 
in the chain reaction and are thus "wasted" in 
the process. As a specific case to consider, 
Serberjl6| indicated that the efficiency of the 
"Little Boy" weapon that was used against Hi- 
roshima in 1945 was about 2%. In this sec- 
tion, we shall rework the calculations given 
by Serber for that specific example, using the 
equation H = mv 2 . As we shall see, the effi- 
ciency will actually prove to be much higher; 
but more importantly, we will get a theoret- 
ical estimate for the energy release that is in 
very good agreement with the actual measured 
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value. 

6.1. Energy of fission as a function of 
the nuclear excitation: 

It has been known for at least three decades 
that the equation H = mc 2 does not give an 
accurate estimate of the total kinetic energy of 
the fragments that result from the fission of a 
nucleus. In laboratory experiments using ther- 
mal neutrons 0; f° r instance, it is usually 
found that the total kinetic energy (TKE) of 
the fragments that result from the fission of 
either U 235 or Pu 239 is 20-60Mev less than the 
Q- value of the reaction predicted by the quan- 
tity Amc 2 . It is typically assumed that the 
difference between the Q-value and the TKE 
of the fragments is lost into unobservable ef- 
fects, such as additional excitation energy of 
the fragments. As we indicated above, that 
energy deficit can be as high as 98% in nuclear 
weapons (though the usual assumption in that 
case is that the chain reaction simply does not 
complete). Our objective now is to calculate a 
Q-value for the fission reaction of U 235 by us- 
ing the quantity Amv 2 instead of the quantity 
Amc 2 . As we shall verify, the TKE will prove 
to be in very good agreement with the numer- 
ical value of the quantity Amv 2 . We shall also 
reach the conclusion that the quantity Amc 2 
represents a maximum theoretical limit for the 
energy that can be obtained from nuclear fis- 
sion. 



TKE of fragments 



Z 1 Z 2 e 2 



(5f 



Recent modelsllSl, 21 of the nuclear fission 



process have sought to obtain a precise numer- 
ical prediction of the TKE of the fragments 
by extending the successful liquid-drop model 
originally introduced by Bohr and Wheeler. In 
those models, the equation that is relied upon 
for predicting the TKE is the Coulomb poten- 
tial energy equation, that is, 



where Z\ , Z 2 are the atomic numbers of the 
two positively charged fragments (we shall 
temporarily assume that the kinetic energy 
of the neutrons emerging from the reaction is 
negligible), e is the elementary charge and D is 
the distance between the electrostatic centers 
of the two fragments at the moment of separa- 
tion. The value of D is known to be strongly 
dependent on the state of the deformation of 
the nucleus |2l[] before the occurrence of fission. 
Under laboratory conditions, the deformation 
of the nucleus is minimal and hence the dis- 
tance D is at a minimum; the TKE therefore 
has the highest possible value. In a nuclear ex- 
plosion, however, the conditions are substan- 
tially different. Since the energy density (that 
is, the energy per unit volume of the mate- 
rial) is very high, the nucleus is expected to 
be very highly excited and hence the distance 
D will be at a maximum. Accordingly, the 
TKE should be expected to have the lowest 
possible value. We shall now obtain a numeri- 
cal value for the TKE in this specific case (i.e., 
when the TKE is minimum) , and demonstrate 
that this numerical value is in agreement with 
the quantity Amv 2 . 

In general, determining the deformation and 
hence the distance D for a highly deformed 
nucleus cannot be expected to give a precise 
answer, since such deformation is very circum- 
stantial. We can, however, obtain a precise es- 
timate of the minimum Q-value of the reaction 
by applying Eq.([5^) to the nucleus before the 
occurrence of fission. According to the recent 
models]!^], [I7|, the two positive fragments can 
be regarded, before the occurrence of fission, 
as two coupled oscillators. In such a model, 
the potential energy of the oscillators is con- 
stantly transformed into kinetic energy and 
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vice versa, under the influence of the strong 
nuclear force. The total mechanical energy of 
the oscillators at any time will be therefore 
equal to the peak Coulomb potential, that is, 
the potential at the nadir of the displacement. 
Hence, the sum (P.Energy + K. Energy) at the 
moment of separation of the oscillators (that 
is, when fission occurs) must be equal to the 
peak Coulomb potential. But since the TKE 
of the fragments after the separation is ob- 
served in practice to be numerically in agree- 
ment with only the potential energy at sepa- 
ration, then we must conclude -if we take the 
coupled oscillators model as valid- that the in- 
ternal kinetic energy gets totally consumed in 
equalizing, or "breaking", the strong nuclear 
force. If we now assume that fission will occur 
when this internal kinetic energy is at a maxi- 
mum, then calculating this quantity will be in 
fact quite simple. This quantity will be given 
by 

K. Energy (internal, max.) = 
P.Energy (max.) — 
P.Energy (at separation) = 



Z x Z 2 e 2 
47re n 



(59) 



-0 ^-^min -L^sepy 

where D min is the minimum distance between 
the oscillators (or the distance at the nadir) 
and D sep is the distance at the moment of 
separation. The observed TKE of the frag- 
ments after separation typically indicate that 
fission occurs at a distance D sep that is larger 
than the nuclear diameter, or larger than lOfm 
(note: lfm = 10 -15 meters). The choice of 
Dmin for a highly deformed nucleus is actually 
a straightforward choice. Since the range of 
the strong nuclear force is known to be about 
1.2fm (beyond that range, the nucleus will be 
unstable fll2"|,fr7fl), the maximum acceptable 
value for D m i n will be therefore 1.2fm. Now, 
by comparing D min to D sep , we can clearly see 



from Eq.(|59"D that the maximum internal ki- 
netic energy will be approximately equal to the 
maximum potential energy. If we assume that 
the masses of the two oscillators -or coupled 
fragments- are mi and m 2 , Eq.(^) can there- 
fore be written as: K. Energy (internal, max.) 
w P.Energy (max.), or, 



[mi + m 2 )v' L 



Z x Z 2 e 2 



(60) 



2 47re D min 

The most common values for the atomic num- 
bers Zi and Z2 in the fission of U 235 are 
Zi, Z 2 = 54,38. The distance D min is ^1.2fm 
as we noted. By substituting with the numer- 
ical values of these variables into Eq.(^) we 
obtain 



- (mi + m 2 )v 2 « 3.93 x l(r 10 JouIes. (61) 

Now we note that the sum of the masses 
(mi + 777,2) of the two main fragments will 
be, within numerical accuracy, approximately 
equal to the mass m of the U 235 nucleus. This 
conclusion can be made by observing that the 
mass deficit in the fission of U 235 , Am, is ap- 
proximately 200Mev/c 2 , or 3.55 x 1CT 28 Kg. 
Now the mass imbalance relationship in the 
reaction is as follows!: 



Am 



m — (mi + 777.2) — 

(1.5 neutron rest-masses), 



hence 



(62) 



(mi + m 2 ) ~ m — Am — 

(1.5 neutron rest-masses) 
« m - 3 x l(T 27 Kg. 

(63) 



2 Note that the average number of free neutrons re- 
leased from the reaction is 2.5 neutrons, while there is 
one incident neutron. The average difference is there- 
fore 1.5 neutrons. 
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Since the mass m of the U 235 nucleus is 3.88 x 
10~ 25 Kg, we can clearly see that (mi + m 2 ) 
can be taken to be approximately equal to m, 
within the numerical accuracy of the calcula- 
tions. From Eq. (]B"T|) , we therefore find that 
the maximum velocity v of the oscillating frag- 
ments is: v = 45 x 10 6 meters/sec. This value 
also represents the velocity that will be ac- 
quired by the vanishing mass Am at the mo- 
ment of the separation (note that the velocity 
of the fragments after separation will be differ- 
ent from v, as we indicated above, since a new 
kinetic energy will be acquired from the en- 
ergy released in the reaction). The minimum 
energy released in the fission of one atom of 
U 235 will be therefore given by 

Q min = Amv 2 = 3.55 x 1(T 28 x (45 x 10 6 ) 2 
= 7.2 x KT 13 Joules. 

(64) 

Notice that this figure is approximately 
4.5Mev, which is substantially less than the 
maximum Q- value of 200Mev predicted by the 
quantity Amc 2 . Of course, as Amv 2 — > Amc 2 
(under ideal conditions), then Q — > Q max , or 
200Mev. To understand this result graph- 
ically, a typical distribution of the TKE of 
the fission fragments is shown in Fig.l below 
(see refs.[P^[],PD|). This graph represents data 
taken under laboratory conditions. Notice the 
Gaussian-like distribution of the TKE of the 
fragments, and notice that Q maX) or the quan- 
tity Amc 2 , occurs as a maximum upper limit 
only. This distribution, of course, supports the 
variable quantity Amv 2 , not the rigid quantity 
Amc 2 , which represents only one value (that 
is, only one data point) in the graph. While 
this graph shows a minimum Q- value of about 
140Mev, this is due to the fact that data was 
collected under ideal conditions. If the atoms 
become very highly excited (which occurs in 
a nuclear explosion), this plot is expected to 



shift toward lesser values of the TKE, as we 
indicated earlier (and in fact may not become 
Gaussian in shape). If the distance D min in 
Eq . fl60|) is then stretched up to 1.2fm for all 
the atoms, then this distribution will be in fact 
compressed to one vertical line, representing a 
minimum Q-value of 4.5Mev as we calculated. 




TKE (Mev) 



Figure 1: Typical plot of the distribution of the 
total kinetic energy of the fission fragments of ei- 
ther U 235 or Pu 239 under laboratory conditions. 
The Gaussian-like distribution of the energy sup- 
ports the variable quantity Amv 2 , not the rigid 
quantity Amc 2 , which occurs as a special case and 
an upper limit only. 

6.2. Application of the minimum Q- 
value to the Little Boy example: 

We shall now proceed to apply the mini- 
mum Q-value that we calculated, Qmin, to 
the case of the Little Boy bomb; but we shall 
first demonstrate that we can obtain approxi- 
mately the same numerical value by using a to- 
tally different approach. Serber[l6|] had given 
a phenomenological formula for calculating the 
mean velocity of the fragments after separa- 
tion, v', that was derived by using the kinetic 
theory of gases. That formula is specific to nu- 
clear explosion models, and gives the velocity 
as follows: 
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2 T ' 



(65) 



where: 



N is the effective neutron number (or neu- 
tron multiplication factor) and is approx- 
imately equal to 1; 

t is the mean time between fissions and 
is equal to 1CT 8 seconds; 

R c is the critical radius and is equal to 
9cm or 9 x 10 -2 meters; 

5 is a quantity given by S = (M/M c )s — 1, 
where M/M c is the ratio of the total mass 
of U 235 used to the critical mass. This 
ratio was 3 in the Little Boy, hence 5 = 
0.44. 



Using the above numbers in Eq. (p5|) gives 
v' = 1.98 x 10 6 meters/sec. If we now 
apply Eq.(|26"D to the fission fragments, not- 
ing that the mass-energy quantity is approxi- 
mately equal to \ m^v 2 at sub-relativistic ve- 
locities, then we have 



TKE (fragments) 



T&g) 



mv 



« - x 3.88 x 1(T 25 x (1.98 x 10 D ) Z 
= 7.6 x 1(T 13 Joules/atom. (66) 

This estimate, though not accurate, is of 
course very close to the minimum Q-value 
given by Eq. fl6"4|) . We shall now use the mini- 
mum Q-value to obtain an estimate for the to- 
tal amount of energy released in the explosion 
of the Little Boy. To calculate that quantity, 
we note that there are 2.58 x 10 24 atoms per 
Kg of U 235 and that a total of 40Kgs were used 
in the bomb; hence, 



E(total) = 
(7.2 x l(T 13 J/atom) x (2.58 x 10 24 ) x 40 



7.43 x 10 13 J 



(67) 



Given that 1 ton of TNT is equivalent to 
3.6 x 10 9 Joules, we can calculate the maxi- 
mum expected yield of the bomb in tons: 



E(tons) 



7.43 x 10 13 
3.6 x 10 9 



20, 640 tons 
20.6 Ktons. 



(6* 



This number is of course very close to the 
actual reported yield of 15Ktons for the Lit- 
tle Boy ||16|| (we must point out here that the 
U 235 used in that application was only 90% en- 
riched, which makes the effective mass about 
36Kgs. This actually brings the two numbers 
much closer to each other). 

To compare the above result with the original 
calculation, we first note from Fig.l that the 
average energy release per atom was estimated 
to be about 170Mev under laboratory condi- 
tions. Had we used that value, we would have 
obtained a theoretical yield of 780Ktons! To 
compare the efficiency in both cases, we note 
that according to this calculation the lowest 
estimate for the efficiency of the bomb will be 



Efficiency 



15Ktons 
20.6Ktons 



73%. 



(69) 



which is in sharp contrast with the figure of 
2% that resulted from the original calculation 
(that is, 15/780 = 2%). The important con- 
clusion here of course is not the efficiency fig- 
ure, but the fact that the theoretical yield of 
20.6Ktons is in very good agreement with the 
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actual yield of 15Ktons, as opposed to the orig- 
inal expectation of 780Ktons. 

It will be therefore apparent from the above 
analysis that the Q- value of a nuclear reaction, 
as given by the quantity Amv 2 , is in very good 
agreement with the experimental data. The 
Q-value given by the quantity Amc 2 is there- 
fore a maximum theoretical limit. Moreover, 
it will be clear that the Q-value of any given 
reaction is not a constant, but is a function of 
the state of deformation of the nucleus. 



Remark about reference 

It is interesting to note that Serber indicated 
that he had substantial arguments with Op- 
penheimer and his other colleagues about the 
assumptions that were used in calculating the 
efficiency of the bomb. Moreover, it is evident 
from the book that he contradicted his own 
opinion a number of times, stating in some in- 
stances that: "it is just possible for the reac- 
tion to occur to an interesting extent before it 
is stopped by the spreading of the active ma- 
terial" . This remark was made in light of the 
calculation that showed that the entire reac- 
tion should take less than 10~ 6 sec. for com- 
pletion. Of course, from the calculation of the 
velocity of the fragments given above, Serber 
and his colleagues were aware that the expan- 
sion in the radius of the core should be less 
than 2 meters during the lfis that is required 
for completion of the reaction. Further, it is 
interesting to note that other mechanisms of 
fission weren't factored in at all in the calcu- 
lation (such as gamma-induced fission; spon- 
taneous fission clS cL result of the state of very 
high excitation of the atoms, etc). 

7. A note on the nature of beta- 
decay and the problem of the so- 
lar neutrinos: 



We shall now explain briefly how the equation 
H = mv 2 can provide a satisfactory explana- 
tion for the experimental data observed in the 
beta-decay process, without the necessity of 
having a second particle, namely, the neutrino, 
emitted in the process. This by no means is 
meant to suggest that the neutrino does not 
exist, since the existence of the particle was 
verified experimentally. What this discussion 
will demonstrate, however, is that neutrinos 
are likely to be generated in high-energy nu- 
clear reactions, but not in the radioactive beta- 
decay of atoms. A possible explanation for the 
phenomenon of the shortfall in the solar neu- 
trinos will also be given. 

7.1. The beta-decay spectrum: 



In Fermi's original theory [JXlfl ? t ne principle of 
conservation of energy, linear momentum, and 
angular momentum require the existence of a 
second particle, that is, the neutrino. By using 
this two-particle model, Fermi concluded that 
the number of electrons N emitted for each 
momentum value P e will be given by 



N oc P 2 (E n 



Eh 



(70) 



where Eh is the electron's kinetic energy and 
E max is the maximum possible energy (as cal- 
culated from the traditional expression H = 
Amc 2 ). The Kurie plot that is usually ob- 
tained in the beta-decay experiments confirms 
Eq. (|70|) . Fermi's theory does not exclude, but 
in fact it does require, that the linear and 
angular momenta of the decaying nucleus (or 
neutron) be factored in the momentum con- 
servation equations. If we now assume that 
a neutrino will not be emitted, Fermi's theory 
and Eq. ( |70[ ) still hold since the second particle 
in Fermi's model will be the decaying nucleus 
itself (that is, the two-particle model is still ap- 
plicable). The problem in this case, however, 
becomes the principle of conservation of en- 
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ergy, since basic mechanics imply that nearly 
all the missing energy must be carried away by 
the electron's kinetic energy. Let us consider 
the specific case of the beta-decay of a nucleus 
(such as the tritium nucleus, which releases 
a maximum energy of 18.6Kev). According 
to the theory of Quantum Chromodynamics 
(QCD), the process of beta-decay occurs ac- 
cording to the following reaction: 

d — > u 4~ e~ 4- i*ei (71) 

where d is a down quark, u is an up quark, 
e~ is the emitted electron, and v e is an an- 
tineutrino. If we now assume that no neutrino 
emission will occur, then the kinetic energy of 
the emitted electron, (which must be equal 
to the Q- value of the reaction|TTJ,|12]), will be 
given by 

E k = H(d)-H(u) 

(72) 



m d v 2 d - m u vl, 



where ma and m u are the relativistic masses 
of the down and up quarks, respectively, and 
Vd,v u are their respective velocities inside the 
nucleus. Since it is practically observed that 
the recoil energy of the nucleus is negligible, 
then the kinetic energies of the down and up 
quarks (that is, the kinetic energies before 
and after the emission) must be approximately 
equal. Further, since the rest masses of the 
down and up quarks are known to be very 
nearly equal |[^], then the velocities Vd and v u 
can be considered to be approximately equal 
without introducing a significant error. In ad- 
dition, the difference in the relativistic masses 
(rrid — m u ) must be equal to the apparent mass 
deficit Am of the nucleus. Hence Eq.(|72|) can 
be reduced to 



(m d -m u )v 2 
Amu 2 , 



(73) 



electron's kinetic energy will be a variable that 
depends on the quark's velocity. If v — > c, then 
Ek — > Amc 2 . Usually, quark momenta are ob- 
served experimentally by means of transverse 
hadron jets in detectors like the CERN UA2 
detector. Observance of such jets did in fact 
confirm that quark velocities will vary from 
up to values very close to c. Moreover, plots 
of transverse hadron momenta ||23|| , ||24| show 
very strong resemblance with the kinetic en- 
ergy plots usually obtained in the beta-decay 
experiments. These facts of course lead to 
the conclusion that Eq.(|73|) is in agreement 
with the experimental beta-decay data; that 
is, the fact that Ek does vary from up to the 
theoretical maximum Amc 2 with a distribu- 
tion that does correlate with the distribution 
of quark velocities (a typical plot is shown in 
Fig. 2 below) is a fact that can be seen from 
Eq. (|73|) and from the above discussion. These 
facts also explain why Eq.(^) is valid, even 
though we have assumed that no neutrino is 
present. 



> 



a; 

Oft 

a 



0. 




where v is the velocity of either quark inside 
the nucleus. We can now clearly see that the minus a neutrino 



Electron Kinetic Energy (Kev) 

Figure 2: Typical plot of the distribution of the 
electron's kinetic energy in beta decay. As in the 
case of nuclear fission, the quantity Amc 2 appears 
as a special case and an upper limit only. The dis- 
tribution can be understood in terms of the quan- 
tity Amv 2 , rather than the hypothesis of Amc 2 
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The above result shows that a neutrino is not 
likely to be generated in the ordinary process 
of radioactive beta-decay. The situation is 
different, however, in high-energy nuclear re- 
actions. In the sun, for example, neutrinos 
are thought to be generated in the principal 
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p + p 



! H + e + + v e 



(74) 



We must now realize that such a reaction can- 
not be understood by simply comparing the 
rest-masses of the particles involved. A more 
accurate representation of the reaction, that 
takes velocities into account, will be written 
as 



2m p v p = m H v H + m e v e + Missing Energy, 

(75) 

where the subscripts p, H and e denote the 
proton, the deuteron and the positron, re- 
spectively. Unfortunately, unless the veloci- 
ties of those particles are determined with a 
reasonable degree of accuracy, calculating the 
amount of missing energy will be very difficult. 
If in fact the equation does balance without 
the missing energy term, then no neutrino will 
result. Otherwise, the missing energy will ap- 
pear in the form of a neutrino. This can be a 
very plausible explanation for the phenomenon 
of the shortfall in the solar neutrinos. More- 
over, if a neutrino does in fact emerge in ev- 
ery reaction, then the energies of those neutri- 
nos can have a very wide distribution (as some 
very recent experiments seem to suggest). Of 
course, more work needs to be done in the fu- 
ture to obtain accurate estimates of the ve- 
locities of the particles involved in the solar 
reactions. 

7.2. The problem of angular momentum 
conservation: 



The above discussion resolves the apparent 
mystery of the lost energy in the process of 
radioactive beta-decay. One question that re- 
mains unanswered, however, is the apparent 
violation of the principle of conservation of 
angular momentum. Since we have excluded 
the neutrino as an unnecessary proposition in 
beta-decay, then conservation of total angular 
momentum will be violated since, for most re- 
actions, the angular momentum of the decay- 
ing particle is different from the sum of the an- 
gular momenta of the emerging particles (for 
example, the angular momentum of the tri- 
tium nucleus is ~h, that of the helium nucleus 
is ^h, and that of the electron is also \Ti). 

To understand this apparent violation, we 
must understand what is meant by the "prin- 
ciple of conservation of angular momentum". 
From elementary mechanics, the total angular 
momentum of a system of particles is con- 
served if the net external torque T ext . acting 
on that system is zero; that is, if 



T, 



ext. 



dt 



0. 



(76) 



which implies that P^ must be a constant. 
Since the introduction of the neutrino hypoth- 
esis by Pauli, the prevailing assumption was 
that no external torques (or angular forces) 
are present to act on the particles involved in 
the beta-decay process, and hence the total 
angular momentum must be conserved. The 
conclusions that emerged from the theory of 
QED later, however, make that assumption 
very doubtful. A decaying nucleus is not an 
isolated system. It is acted upon by the or- 
biting electron(s) and by its own field. The 
influence of such factors on the angular mo- 
mentum of the nucleus and/or the emerging 
electron have not been studied. While such a 
study will be beyond the objective and scope 
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of this paper, the point that must be empha- 
sized here is that the angular momentum of a 
nucleus must not necessarily be conserved in 
the process of beta-decay. 



8. Summary and conclusions: 

From the presented analysis, there is little ev- 
idence to argue against the fact that wave 
mechanics predicts that the total energy of a 
particle must be given by the quantity mv 2 . 
On the other hand, we have clearly seen that 
Einstein's relativistic treatment of energy can 
be interpreted in two ways, depending essen- 
tially on how the integration of the basic ki- 
netic energy equation is performed. Accord- 
ing to the procedure that Einstein used in the 
integration, he was led to the formula = 
mc 2 — moc 2 , from which he concluded that the 
total energy is mc 2 . Doing the integration dif- 
ferently, however, leads us to the conclusion 
that the total energy is mv 2 , while maintain- 
ing the numerical value of Einstein's integral. 
These facts therefore suggest that, for wave 
mechanics to be consistent with relativity, the 
expression H = mv 2 must be used as the to- 
tal energy formula. We have shown that this 
formula can correct a substantial problem in 
Dirac's theory of the electron, specifically, the 
fact that Dirac's calculation of the velocity re- 
sulted in a value that does not correlate with 
physical reality. We have also shown that this 
formula results in a theoretical prediction of 
the energy released from nuclear fission that is 
in very good agreement with the actual mea- 
sured value. This last fact is a proof that 
the formula is indeed distinguishable from cur- 
rently known experimental data. The other 
problems that were enumerated in Sec.l can 
also be now understood in light of this result. 
We have commented on the process of beta- 
decay and offered a very plausible explanation 



for the phenomenon of the shortfall in the so- 
lar neutrinos. 

Having reached the above conclusion, we must 
not forget, however, that there is a sizeable 
record of experimental evidence that does sup- 
port the predictions of the theory of special rel- 
ativity [0],H,g,|35|. The author fully sup- 
ports the theory, as far as those experimental 
facts are considered. For instance, the prin- 
ciples of relativity of time, relativity of mass, 
etc., are all valid principles in the opinion of 
the author. What is being questioned here 
is the old understanding of the mass-energy 
equivalence principle in view of the reasons 
mentioned above. 
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